
Theory of
Optical Processes in

Semiconductors
Bulk and Microstructures

P. K. Basu
Institute of Radio Physics and Electronics

University of Calcutta

CLARENDON PRESS • OXFORD

1997



Contents

Introduction 1
1.1 Historical outline of the study of optical processes 1
1.2 Semiconductor optoelectronics: present and future 2
1.3 Semiconductor optoelectronics: systems applications 4
1.4 Semiconductor materials for optoelectronics 6
1.5 Optical processes and their applications 7

Classical theory of optical processes 9
2.1 Introduction 9
2.2 Macroscopic theory of absorption 9
2.3 Light absorption in a medium: macroscopic theory 11
2.4 Index of refraction in a conducting medium 13
2.5 Classical theory of susceptibility 14
2.6 Basic interaction between light and matter:

Einstein's coefficients 19
Problems 25
Further reading and references 27

Photons 28
3.1 Introduction 28
3.2 Wave equation in a rectangular cavity 28
3.3 Quantization of the radiation field 31
3.4 Time-dependent perturbation theory 37
3.5 Interaction of an electron with the electromagnetic field 38
3.6 Second-order perturbation theory 44
Problems 44
Further reading 46

Electron band structure and its modifications 47
4.1 Introduction 47
4.2 Band theory: Bloch functions 48
4.3 The kp perturbation theory neglecting spin 49
4.4 Spin-orbit interaction 53
4.5 Band structure of some important semiconductors 63
4.6 Alloys 66
4.7 Heterojunctions 71



xiv Contents

12.5 Parabolic QWs 294
12.6 Absorption in an indirect gap QW 295
12.7 Intersubband absorption 298
12.8 Non-radiative recombination 305
Problems 310
Further reading and references 312

13 Excitons and impurities in quantum wells 314
13.1 Introduction 314
13.2 Excitons in purely 2D systems 316
13.3 Binding energy in quasi-2D systems 321
13.4 Expression for the absorption coefficient 326
13.5 Linewidth of excitonic absorption 330
13.6 Exciton recombination 336
13.7 Exciton absorption in an indirect gap QW 337
13.8 Impurities in QWs 339
Problems 340
Further reading and references 341

14 Optical processes in quantum wires and dots 343
14.1 Introduction 343
14.2 ID systems: quantum wires 343
14.3 Interband absorption in quantum wires 347
14.4 Excitonic absorption in ID 349
14.5 Zero-dimensional systems 352
14.6 Absorption and gain in 0D systems 355
14.7 Excitons in quantum dots and nanocrystals 358
Problems . 359
Further reading and references 360

15 Superlattices 361
15.1 Introduction 361
15.2 Miniband structure and envelope functions 361
15.3 Interband absorption 372
15.4 Interminiband transitions 374
15.5 Excitons in superlattices 376
15.6 Doping superlattices 380
15.7 Short-period superlattices 383
Problems 385
Further reading and references 386

16 Strained layers 388
16.1 Introduction 388
16.2 Critical thickness 389



Contents xv

16.3 Strain-induced band structure 393
16.4 Absorption and gain in strained QWs 399
16.5 Excitonic processes 406
16.6 Strained layer superlattices 406
16.7 Special material systems 407
Problems 410
Further reading and references 411

17 Effects of electric field on low-dimensional systems 412
17.1 Introduction 412
17.2 Field perpendicular to QW layer 412
17.3 Intersubband absorption under normal field 417
17.4 Excitonic effects 419
17.5 Electric field effects in superlattices 425
17.6 Type II to type I crossover 431
17.7 Internal piezoelectric field in strained layers 432
17.8 Coupled double quantum wells 433
Problems 435
Further reading and references 436

Index 439


